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The water management systems of t he  Apollo 

Program's Command Module and Lunar Module have exper ienced  

numerous minor f a i l u r e s  and d e v i a t i o n s  from d e s i r a b l e  

system performance. Some examples are t h e  p r e - f l i g h t  

l oad ing  of contaminated water  i n t o  p o t a b l e  s t o r a g e  t a n k s ,  

c o r r o s i o n  of the CM system by c h l o r i n e ,  leakage and s p i l l a g e  

f r o m  t h e  c h l o r i n e  i n j e c t i o n  system i n  the  CM, incomplete  

mixing of c h l o r i n e  i n  t h e  CM system, cross-contaminat ion 

between t h e  waste w a t e r  s t o r a g e  tank  and t h e  p o t a b l e  

s t o r a g e  t ank  i n  both t h e  CM and LM, and i o d i n e  d e p l e t i o n  

i n  t h e  LM t a n k s .  

f o r  t h e  AAP C l u s t e r  has  been accomplished keeping these 

problems i n  mind. I n  p a r t i c u l a r ,  an a l l  s t a i n l e s s  s teel  

sys tem has been adopted fo r  t h e  SWS i n  an e f f o r t  t o  e l i m i n a t e  

c o r r o s i o n .  N o  water l i n e  connect ions e x i s t  between any of 

t h e  water s t o r a g e  t anks ,  and thorough pre-f l i g h t  s t e r i l i z a t i o n  

t echn iques  w i l l  be employed. Iod ine  has  been chosen as t h e  

The des ign  of 'the water management system 
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The Apollo Program h a s  exper ienced  con t inu ing  
d i f f i c u l t i e s  i n  t h e  ope ra t ion  of t h e  p o t a b l e  w a t e r  supply  
systems i n  t h e  CM and t h e  LM.  Some of t h e s e  problems 
have y i e l d e d  t o  "quick f i x e s "  and been e l i m i n a t e d  a f t e r  
t h e  e a r l y  f l i g h t s ;  o t h e r  problems, though, are due t o  
m a t e r i a l  i n c o m p a t i b i l i t i e s  and system d e s i g n  and have n o t  
been e l i m i n a t e d  d u r i n g  t h e  program. Because of  t h e  l i m i t e d  
miss ion  d u r a t i o n s  (two weeks) i nvo lved ,  t h e  Apollo Program 
has  been able t o  l i v e  w i t h  these problems and has  accepted  
t h e  p e n a l t i e s  of minor c r e w  inconvenience and aggrava t ion  
imposed by t h e  wa te r  system. For  mission d u r a t i o n s  of t h e  
l e n g t h  planned f o r  t h e  AAP, however, problems of t h i s  s a m e  
n a t u r e  would be unacceptab le  f o r  s e v e r a l  r e a s o n s ,  Most 
impor t an t ly ,  t h e  medical  a s p e c t s  of i n g e s t i n g  (over  long 
d u r a t i o n s )  w a t e r  which does not  m e e t  t h e  r i g i d  chemical, 
p h y s i c a l ,  and m i c r o b i a l  c r i t e r i a  imposed f o r  space  f l i g h t  
are n o t  known. Secondly,  f o r  t w o  month m i s s i o n s ,  a w a t e r  
supply  w i t h  d i s a g r e e a b l e  taste or  s m e l l  would most l i k e l y  
be cons idered  by t h e  c r e w  t o  be more t h a n  a minor incon- 
venience ,  p a r t i c u l a r l y  when t h a t  same water supply i s  
used f o r  food r e c o n s t i t u t i o n .  
could  s i g n i f i c a n t l y  a l t e r  t h e  amount of water consumed by 
t h e  c r e w  i n  t h e i r  d a i l y  a c t i v i t i . e s .  The purpose of t h i s  
memorandum w i l l  be t o  review t h e  problems t h a t  t h e  Apollo 
Program has  exper ienced  wi th  t h e  p o t a b l e  w a t e r  supply 
systems of t h e  CM and LM. The AAP w a t e r  s t o r a g e  system 
w i l l  t h e n  be d i scussed ,  and measures taken  i n  t h e  des ign  
of the AAP system t o  avoid t h e  same problems t h a t  have 
plagued t h e  Apollo Program w i l l  be  d e s c r i b e d .  

An unappe t i z ing  w a t e r  supply  

Problems Experienced i n  t h e  CM and LM Po tab le  Water Systems 

Po tab le  water i n  the CM i s  loaded i n t o  t h e  p o t a b l e  
s t o r a g e  tank p r i o r  t o  launch and r ep len i shed  by w a t e r  produced 
by t h e  f u e l  cel ls .  Microbial  c o n t r o l  of t h e  system i s  main- 
t a i n e d  by t h e  i n t e r m i t t e n t  i n j e c t i o n  of c h l o r i n e  i n t o  t h e  
l i n e  running  from t h e  f u e l  c e l l s  t o  t h e  p o t a b l e  water t ank .  
The need f o r  c h l o r i n a t i o n  d e r i v e s  from t h e  f a c t  t h a t  a p a t h  
e x i s t s  between t h e  w a s t e  water s t o r a g e  tank  (which i s  used 
t o  s t o r e  water condensed i n  t h e  s u i t  loop h e a t  exchangers 
and t h u s  has an i n h e r e n t  microorganism con ten t )  and t h e  
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p o t a b l e  wa te r  s t o r a g e  tank.  Check v a l v e s  are used i n  t h e  
connec t ing  l i n e s  t o  p reven t  t h e  flow of  wa te r  from t h e  waste 
tank t o  t h e  p o t a b l e  tank;  they perform t h i s  job  admirably,  
b u t  t hey  cannot  p reven t  t h e  migra t ion  of microorganisms from 
t h e  waste t o  t h e  p o t a b l e  tank. Microorganisms have a lso 
been in t roduced  i n t o  t h e  p o t a b l e  water supply  through t h e  
water d i s p e n s e r  gun. I t  i s  suspec ted  t h a t  microorganisms 
migra te  from t h e  nozz le  upstream t o  t h e  p o t a b l e  s t o r a g e  t ank .  
I n  a d d i t i o n  t o  t h e s e  in -o rb i  t contaminat ion sources ,  
inadequate  p r e - f l i g h t  l oad ing  t echn iques  have i n  s o m e  
i n s t a n c e s  r e s u l t e d  i n  i n i t i a l  contaminat ion of t h e  p o t a b l e  
t ank .  

The i n t e r m i t t e n t  i n j e c t i o n  of c h l o r i n e  i n t o  t h e  
system has  caused a number of d i f f i c u l t i e s  - perhaps more 
than  i t  has so lved .  In s t ances  of s p i l l a g e  and leakage from 
t h e  i n j ec to r  have occurred.  Being extremely t o x i c  and r e a c t i v e  
w i t h  both meta ls  and non-metals, any l a r g e  amounts of s p i l l -  
age or leakage could have s e r i o u s  harmful  e f f e c t s  on both  
c r e w  and s p a c e c r a f t .  A f t e r  i n j e c t i o n  of t h e  c h l o r i n e  i n t o  
t h e  system, a p e r i o d  of t i m e  must be allowed f o r  t h e  c h l o r i n e  
t o  mix thoroughly before t h e  wa te r  can be i n g e s t e d .  P o s i t i v e  
mixing of t h e  c h l o r i n e  i n  zero-g has  been a problem, and 
i n s t a n c e s  have occurred  when t h e  c h l o r i n e  concen t r a t ion  has  
been so  g r e a t  as t o  d iscourage  even t h e  t h i r s t i e s t  of crewmen. 

Much of t h e  Apollo water  system i s  made of  aluminum. 
Ch lo r ine  i n  t h e  system r e a c t s  w i th  t h e  aluminum, r e s u l t i n g  i n  
c o r r o s i o n  and p i t t i n g .  Also,  heavy m e t a l s  ( I r o n ,  Nicke l ,  
Copper, Chromium) have been found i n  tes ts  made of t h e  p o t a b l e  
water system. High concen t r a t ions  of t h e s e  metals may have 
i n j u r i o u s ,  or  a t  l ea s t  unknown, e f f e c t s  on t h e  human system. 
I t  i s  con jec tu red  t h a t  t h e s e  metals may have been r ep laced  
by c h l o r i n e  i n  t h e  brazed  j o i n t s '  and o t h e r  p o r t i o n s  of t h e  
s y s  t e m .  

F i n a l l y ,  the CM experienced t h e  problem of H gas  
en t r a inmen t  i n  t h e  p o t a b l e  water  system. T h i s  r e s u l t e d  from 
an incomplete  phase s e p a r a t i o n  a t  t h e  f u e l  cel ls  d u r i n g  t h e  
e a r l y  f l i g h t s .  The problem was so lved  f o r  t h e  l a t t e r  Apollo 
f l i g h t s .  

2 

Potable water consumed i n  t h e  LM i s  s u p p l i e d  from 
one of two a s c e n t  s t a g e  tanks  o r  a d e s c e n t  s t a g e  t ank .  The 
t a n k s  are pre- loaded be fo re  launch. Iodine i s  used as t h e  
b a c t e r i c i d e  i n  t h e  LM t anks .  The t anks  are pre-charged t o  
an i n i t i a l  c o n c e n t r a t i o n  of i o d i n e  p r i o r  t o  launch; no 
p r o v i s i o n  e x i s t s  f o r  t h e  i n j e c t i o n  of i o d i n e  i n t o  t h e  system 
d u r i n g  t h e  mission.  
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The LM p o t a b l e  water system has  n o t  been s u b j e c t  
t o  t h e  l a r g e  v a r i e t y  of problems t h a t  h a s  a f f e c t e d  t h e  CM. 
A problem common t o  both  systems, though, i s  t h e  cross- 
contaminat ion r e s u l t i n g  f r o m  a connec t ion  between t h e  waste 
water system and t h e  p o t a b l e  system. Like t h e  CM, t h e  LM 
has  been s u b j e c t e d  t o  p r e - f l i g h t  l oad ing  contaminat ion 
problems. A problem unique t o  t h e  LM w a t e r  system h a s  been 
t h e  g r a d u a l  dec rease  i n  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  i o d i n e  
i n  t h e  t anks .  
i o d i n e  by a s i l i c o n e  rubber  b ladder  i n  t h e  t anks .  Some 
evidence  e x i s t s  t h a t  t h e  iodine i s  a c t u a l l y  permeat ing t h e  
bladder and forming c r y s t a l s  on t h e  a i r  side. 
t r a n s d u c e r  used for  measuring t h e  q u a n t i t y  of w a t e r  i n  t h e  
LM t ank  w a s  found t o  become excess ive ly  corroded (presumably 
f r o m  c o n t a c t  w i t h  i o d i n e )  du r ing  ground tests and w a s  even- 
t u a l l y  removed from the system. The b l adde r  i s  a l s o  permeable 
t o  a i r .  This  allows t h e  p r e s s u r a n t  gas t o  become e n t r a i n e d  
i n  t h e  p o t a b l e  water. 

This  has  been a t t r i b u t e d  t o  t h e  abso rp t ion  of 

A gas  s i d e  

Desc r ip t ion  of t h e  AAP Water Manaqement System 

Water f o r  t h e  f irst  t h r e e  AAP miss ions  i s  stored i n  
1 0  c y l i n d r i c a l  t anks  mounted c i r c u m f e r e n t i a l l y  toward t h e  
forward end of t h e  SWS. ( S e e  F igure  1) .  Each tank  i s  capable  
o f  ho ld ing  6 2 1  pounds of useable  water, a l lowing  a t o t a l  
system c a p a c i t y  i n  excess  of 6200 pounds. The t anks  are made 
of  s t a i n l e s s  s tee l  and con ta in  a s t a i n l e s s  s teel  bellows which 
i s  d r i v e n  by oxygen p r e s s u r e  t o  f o r c e  t h e  water from t h e  t ank .  
The only i n t e r c o n n e c t i o n  between t h e  t anks  i s  through t h e  
oxygen p r e s s u r i z a t i o n  l i n e  as i l l u s t r a t e d  i n  F igure  1. N o  
w a t e r  l i n e  connec t ions  e x i s t  between any of t h e  tanks .  

Water i s  u t i l i z e d  by t h e  c r e w  i n  t h e  Head and t h e  
Wardroom of t h e  c r e w  q u a r t e r s .  A combination o f  ha rd - l ine  
and f l e x - l i n e  plumbing connects t h e  water systems of  t h e  
Head and Wardroom t o  s e p a r a t e  water s t o r a g e  tanks .  This  i s  
shown schemat i ca l ly  i n  F igure  1 and F igure  2 .  The ha rd - l ine  
plumbing, f i t t i n g s ,  w a t e r  c h i l l e r  and h e a t e r  t anks ,  and t h e  
C l u s t e r  p o r t a b l e  water  tank  a re  a l l  made of  s t a i n l e s s  s teel .  
The connect ion from t h e  ha rd - l ine  plumbing (from e i t h e r  t h e  
Head or t h e  Wardroom) t o  a water  s t o r a g e  tank i s  made a t  t h e  
t ank  by means of a f l e x i b l e  supply l i n e .  This  l i n e  w i l l  be 
made of e i t h e r  a f l o u r e l  o r  t e f l o n  l i n e r  covered by a m e t a l  
braid.  S i x  of t h e  s t o r a g e  tanks  w i l l  supply  water only t o  
t h e  Wardroom. Two of t h e  remaining t anks  w i l l  supply w a t e r  
o n l y  t o  t h e  Head. The remaining t w o  t anks  (des igna ted  a s  
cont ingency t anks )  can supply w a t e r  t o  e i t h e r  t h e  Head o r  t h e  
Wardroom, b u t  only one a t  a t i m e .  The l eng th  of t h e  f l e x i b l e  
supply  l i n e s  de te rmines  which t anks  can be used f o r  on ly  t h e  
Head o r  only t h e  Wardroom and which tanks  are t h e  contingency 
t anks .  When t h e  water i n  a tank has  been dep le t ed ,  t h e  
connec t ion  a t  t h e  tank w i l l  be  broken, and t h e  f l e x i b l e  supply 
l i n e  w i l l  be  manually connected t o  t h e  nex t  tank.  
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Iod ine  i s  used a s  t h e  b a c t e r i c i d e  f o r  t h e  AAP 
C l u s t e r  water management system. P rov i s ion  i s  made f o r  t h e  
i n j e c t i o n  of a concen t r a t ed  s o l u t i o n  of i o d i n e  i n t o  each of 
t h e  1 0  water s t o r a g e  t anks  when deemed necessa ry .  A s t a i n -  
less steel  tank  is  used t o  s t o r e  t h e  concen t r a t ed  i o d i n e  
s o l u t i o n .  Iod ine  concen t r a t ion  i n  t h e  system may be determined 
by use  of t h e  b i o c i d e  monitor ing and i n j e c t i n g  equipment. 
T h i s  system exposes a s t a r c h  s o l u t i o n  t o  a sample of water 
from t h e  p o t a b l e  system. Starch, when exposed t o  i o d i n e ,  
t u r n s  a c h a r a c t e r i s t i c  b l u e  c o l o r  - t h e  deepness  of t h e  b l u e  
depending on the c o n c e n t r a t i o n  of i o d i n e .  A color c h a r t  
comparator i s  provided which al lows the c o n c e n t r a t i o n  of 
i o d i n e  i n  t h e  water t o  be determined. 

D i  s cuss  i o n  

The des ign  of the water  management system f o r  t h e  
AAP C l u s t e r  s u b s t a n t i a l l y  reflects the  expe r i ence  gained 
d u r i n g  t h e  Apollo Program. A cons ide rab le  e f f o r t  i s  be ing  
made t o  avoid t h e  problems encountered by the wa te r  systems 
of the CM and t h e  LM. 

N o  w a t e r  connect ions e x i s t  between any of the C l u s t e r  
water s t o r a g e  t anks .  Waste water  ( i .e.  condensate)  i s  
collected i n  a tank  i n  the  A i r l o c k  Module and t h e n  dumped 
overboard i n t o  t h e  LOX t a n k .  T h i s ,  a long  w i t h  the  technique  
of s e q u e n t i a l l y  connec t ing  a f l e x i b l e  supply l i n e  t o  only  
t h e  tank i n  use ,  e l i m i n a t e s  the p o s s i b i l i t y  of c r o s s -  
contaminat ion of t h e  p o t a b l e  water  supply.  

I t  i s  expec ted  tha t  t h e  c h l o r i n e  c o r r o s i o n  problem 
encountered  by t h e  CM w i l l  be avoided i n  t h e  AAP C l u s t e r  by 
going t o  an a l l  s t a i n l e s s  s t e e l  system w i t h  an i o d i n e  biocide. 
An a l l  s t a i n l e s s  steel  system should a l so  e l i m i n a t e  t h e  
appearance of heavy meta ls  i n  t h e  water supply.  The s t a i n l e s s  
s t ee l  bellows i n  t h e  water tanks w i l l  e l i m i n a t e  t h e  i o d i n e  
d e p l e t i o n  problem a s s o c i a t e d  w i t h  t h e  s i l i c o n e  rubbe r  i n  t h e  
LM t anks .  Unlike t h e  CM system which had c h l o r i n e  added i n t o  
a l i n e  upstream of t h e  po tab le  t ank ,  the i o d i n e  biocide w i l l  
be i n j e c t e d  d i r e c t l y  i n t o  t h e  w a t e r  s t o r a g e  t anks  i n  t h e  SWS. 
The mixing characteristics of t h e  i o d i n e  and water i n  a zero-g 
environment  i s  a q u e s t i o n  t h a t  remains open t o  s p e c u l a t i o n .  

The pre-f  l i g h t  water loading  techniques  t o  be used 
i n  AAP w i l l  a lso b e n e f i t  from t h e  exper ience  accumulated 
d u r i n g  t h e  Apollo Program. The s t o r a g e  t anks  and plumbing 
w i l l  be s u b j e c t e d  t o  a steam s t e r i l i z a t i o n  p rocess  p r i o r  t o  
launch .  I n  a d d i t i o n ,  the plumbing and w a t e r  gun d i s p e n s e r s  
w i l l  be s u b j e c t e d  t o  a concentrated i o d i n e  soak w h i l e  s t i l l  
on the  ground. P r i o r  t o  l eav ing  t h e  C l u s t e r  a t  t h e  end of 
a miss ion ,  the crew w i l l  d i sconnec t  t he  Head and the Wardroom 
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f l e x i b l e  supply l i n e s  from t h e i r  r e s p e c t i v e  s t o r a g e  t a n k s ,  
and t h e  e n t i r e  system downstream of t h e  tank  w i l l  be  
evacuated  t o  space vacuum by means of a l i n e  t o  t h e  LOX 
t ank .  Upon r e v i s i t ,  t h e  system plumbing and d i s p e n s e r s  
w i l l  be s u b j e c t e d  t o  an i o d i n e  soak p r i o r  t o  system a c t i v a t i o n .  

I t  i s  a n t i c i p a t e d  t h a t  some d i f f i c u l t i e s  w i l l  be 
encountered i n  u s i n g  t h e  biocide moni tor ing  equipment when 
t h e  c o n c e n t r a t i o n  of i o d i n e  i s  below 3 ppm. Apparent ly ,  
t h e  s y s  t e m  as p r e s e n t l y  conceived cannot  d i s t i n g u i s h  between 
low i o d i n e  c o n c e n t r a t i o n s .  A l t e r n a t e  b i o c i d e  mon i to r ing  
t echn iques  are under i n v e s t i g a t i o n .  
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P .  F i e l d ,  Jr./MLP 
E .  Hanes/MLA 
A. Keegan/MA-2 
Mannheimer/MLA 
J.  McLaughlin/MMS 
Savage/MLT 
A. Scheller/MLT 
C. Schneider/ML 

B e l l c o m m  

A. P.  Boysen 
D. R. Hagner 
W .  G.  H e f f r o n  
B.  T .  Howard 
J. Z .  Menard 
J .  M. Ne rv ik  
I .  M. R o s s  
P .  F .  Sennewald 
J .  W .  Timko 
R. L.  Wagner 
M. P .  Wilson 
Depar tmen t s  2031, 2034 S u p e r v i s i o n  
Depar tment  1024 F i l e  
D i v i s i o n  1 0 2  
C e n t r a l  File 
L i b r a r y  

From: J .  J. Sako losky  


